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TITLE OF THE INVENTION 
METHOD OF DETECTING AND REMOVING UNSTRIPPED RESIDUAL SHELL LEFT 
ON SHELLFISH, AND APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 
The present invention relates to a method of detecting and 
removing unstripped residual shell left on shellfish and to the 
apparatus for carrying out the method, and in particular, to 
a detection and removal method and an apparatus for carrying 
out the method, which are suited for use in inspecting whether 
there is residual shell on the flesh of shellfish such as shrimp 
orcrab, after f inishing shell - s tripping work . It shouldbe noted 
that by the expression "shrimp" in the present specification, 
all kinds of shrimp and shellfish which is similar to shrimp, 
such as lobster and prawn, etc. are included. 
\ As the food service industry becomes increasingly popular, 

various kinds of food materials are now increasingly processed 
in great quantities and in a s tandardi z ed manner in food processing 
factories. This trend is the same in the case of shellfish such 
as shrimp or crab. That is, large quantities of shellfish for 
which the shell-stripping work has been done are now brought 
into food processing factories as one raw material ( f ood ma t er i al ) 
for various kinds of processed foods or retort pouch foods. 

Usually, the work of stripping the shell left on shellfish 
is performed at a location near a fishing ground, and the shellfish 
whose shell has been stripped off is then immediately frozen 
and only the flesh portion of shellfish is brought into a food 
processing factory. The work of stripping the shell from 
shellfish is generally performed manually, since the separation 
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of the shell from the flesh can be relatively easily performed. 
However, it is still difficult to perform the shell - stripping 
work faultlessly, thereby failing to eliminate the possibility 
that shellfish with residual shell remaining on the flesh, or 
with a portion of removed shell or leg inadvertently mixed with 
the flesh, may be brought into the food processing factory. 
Therefore,. a package of flesh portion of shellfish that has been 
brought into the food processing factory after finishing the 
shell-stripping work is usually investigated after unpacking 
through visual observation to see if there is a piece of shell 
intermingled with the flesh or residual shell left unremoved 
from the flesh. If a piece of residual shell is found in the 
fleshportion of shellfish, the pi ece o f res idual shel 1 i s manual ly 

removed therefrom. , 

„ the case of most of shellfi/, the shell thereof is 
^colored as it is heat-treated. jL* to this discoloration of 
the shell, it can be relatively *4ily distinguished from the 
flesh portion thereof. Before h/at - treatment . however, both the 
flesh portion and the shell the/eof are whitish in most shellfish. 
Additionally, the residual /ell that might be left on the flesh 
portion of shellfish is ge/erally small in size. Therefore, it 
is difficult, before he/t - t r ea tmen t of shellfish, to visually 
distinguish the resided shell from the flesh portion even if 
a peace of residual iell is left in the flesh portion thereof, 
thus leaving the /esidual shell overlooked or unidentified 
occasionally. J a piece of shell is left intermingled in 
processed foods/or retort foods, it would compromise the taste 
of consumers, /and diminishing the commercial value thereof. 

BRIEF SUMMARY OF THE INVENTION 




The present invention hasbeenmadeunder such circumstances, 
and therefore, an object of the present invention is to provide 
a method of detecting and removing unstripped residual shell 
l.ft on shellfish, which is suited for easily and reliably 
determining if there is any residual shell left on the stripped 
shellfish, thereby enabling the residual shell . if any. to be 
removed from the stripped shellfish. Another object of the 
present invention is to provide an apparatus for carrying out 
such a method. 

With a view to solving the af orementi/ned problems, through 
^tensive study and experiments con/ucted by the present 
inventors, it was finally found that/hen a light of a specific 
wave-range is irradiated onto shrimp/or crab, a fluorescent light 
of a specific wave-range is emit Jd not from the flesh portion 
thereofbutfromtheshellthereof/ Namely, the present invention 
has been accomplished as a re/ult of intensive study on this 
fact and is characterized 1 
wave-range onto stripped/ shellfish after finishing the 
shell-stripping worK theiof then, on the basis of information 
regarding the intensity/of fluorescent light emitted from the 
shellfish, determinin/ if there is any residual shell on the 
stripped shellfish , a/d subsequently removing any residual shell . 

An alternative method of detecting and removing unstripped 
residual shell left on shellfish according to the present 
invention is characterized by irradiating a light of specific 
wave-range onto stripped shellfish after finishing the 
shell-stripping work thereof, taking an image of the stripped 
shellfish with a CCD camera, and on the basis of information 
on the intensity of fluorescent light emitted from the image 



of shellfish, determining if there is any residual shell on the 
strippedshellfish. and subsequently removing any residual shel 1 . 

By the expression of "a light of specific wave-range", it 
is meant a light of wave-range which is capable of causing emission 
of a fluorescent light more from the shell than from the flesh 
portion of a shellfish. For example, in the case where the 
shellfish is -shrimp", the wave-range of the light is preferably 
is not more than 400nm. more preferably around 250nm. In the 
case where the shellfish is "crab", the wave-range of the light 
is preferably is not more than 400nm. 

The apparatus for detecting and removing unstripped residual 
shell left on shellfish according to the present invention for 
achieving the aforementioned object is suited for use in carrying 
out the aforementioned method. and comprises a means for 
irradiating a light of specific wave - range onto stripped 
shellfish after finishing the she 1 1 - s t ripping work thereof; a 
detection means for detecting fluorescent light emitted from 
said shellfish; means for determining if there is residual shell 
on the stripped shellfish on the basis of information obtained 
from said detection means; and means for removing residual shell, 
if any. on the basis of information from said determining means. 

The means for irradiating a light is a means for irradiating 
an excitation light having the aforementioned wave-range. The 
detection means may be provided with a filter which is capable 
of absorbing light of a specific wave-range emitted from the 
aforementioned light- irradiating means, but capable of allowing 
at least the fluorescent light emitted from the shellfish to 
pass therethrough. The aforementioned determining means should 
preferably be designed such that when the intensity of fluorescent 



light obtained from said light detection means exceeds a given 
threshold value, it determines the existence of residual shell. 
The means for removing the residual shell is designed to be 
actuated on the basis of the determination that there is residual 
shell, and can be constituted for instance by a device which 
makes use of air blowing for removing the residual shell or 
shellfish having the residual shell. 

An alternative apparatus for detecting and removing 
unstripped residual shell left on shellfish, which is suited 
for use in carrying out the aforementioned method, is 
characterized in that it comprises; a means for irradiating light 
of a specific wave-range onto stripped shellfish after finishing 
the shell-stripping work thereof; a CCD camera disposed to face 
said stripped shellfish; a means for determining if there is 
residual shell on the stripped shellfish on the basis of 
information on the intensity of fluorescent light that can be 
obtained from the image taken by said CCD camera; and means for 
removing residual shell, if any. on the basis of information 
from said determining means. 

The means in thi s al t erna tive apparatus for irradiating light 
may be the same as that of the first mentioned apparatus. The 
CCD camera may be selected from those which are conventionally 
known, and may be either a black-and-white CCD camera or a color 
CCD camera. Where the CCD camera is constituted by a 
black-and-white CCD camera, the aforementioned determining means 
should preferably be designed such that each of the image signals 
from the black-and-white CCD camera is preferably binarized, 
and that when the number of pixels to be derived from fluorescent 
light obtained from the shellfish precisely speaking emitted 
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from the shell of shellfish exceeds a given threshold value, 
it determines the existence of residual shell . On the other hand, 
where the CCD camera is constituted by a color CCD camera, the 
aforementioned determining means should preferably be designed 
such that the color of the fluorescent light emitted from the 
shell is designated, by means of an image processor, and when 
the number of pixels in the designated area exceeds a given 
threshold value, it determines the existence of residual shell. 
The means for removing the residual shell may be the same as 
that of the first mentioned apparatus. 

RBTF.F DESCRIPTION OF THE SEV ERAL VIEWS OF THE DRAWING 
FIG. 1 is a diagram illustrating one embodiment of the 
apparatus for detecting and removing unstripped residual shell 
left on shellfish according to the present invention; 

FIG. 2 is a diagram illustrating another embodiment of the 
apparatus for detecting and removing unstripped residual shell 
left on shellfish according to the present invention; 

FIG. 3 is photographs wherein an images obtained by 
irradiating lights of different wavelengths onto a shrimp and 
taken by means of a black-and-white CCD camera are displayed, 
after the binarization thereof by means of an image processor, 
on a display; 

FIG. 4a is a graph illustrating the relationship between 
the illuminance obtained as an image taken by a black-and-white 
CCD camera is binarized and the number of pixels detected; and 

FIG. 4b is a graph illustrating the relationship between 
the illuminance obtained as an image taken by a color CCD camera 
is processed by designating the color of fluorescent 1 ight emitted 
from the shell and the number of pixels detected. 
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nRTAILED DESCRIPTION OF THE INVENTION 
Next, a specific embodiment wherein an examination is 
performed as to whether there is any residual shell after the 
shell-stripping operation of shrimp and. if there is a residual 
shell, the residual is removed, will be explained with reference 
to the results of an actual experiment. In this experiment, 
shell-attached frozen shrimp (greasyback shrimp) employed as 
a sample were defrosted and then most of the shell thereof was 
manually stripped, leaving only a portion of the shell which 
is located on the joint immediately before the tail. The size 
of the shell-attached frozen shrimp corresponded to 100 to 200 
pieces of shrimp per pound, and the size of the residual shell 
was about 8mm x 6mm on the average. 

First of all. light from an ordinary light source (which 
is close to white light) having three peaks of 440nm, SSOnm and 
670nm was irradiated onto each sample by making use of 
iight-irradiating means at a light volume of 1000 M w/cm2. Then, 
a visual examination was performed to see if the shell can be 
distinguishedfromthefleshportion. However, i t was impossible 
to distinguish the shell from the flesh portion. Then, the image 
of each sample was taken by means of black-and-white CCD camera 
and color CCD camera. However, it was impossible to distinguish 
the shell from the flesh portion on the basis of the image thus 
obtained. FIG. 3(a) is a photograph wherein an image of sample 
taken by means of a black-and-white CCD camera is displayed, 
after the binarization thereof by means of image processor, on 
a display. It was difficult to distinguish the shell from the 
flesh portion over the display. 

Then, whenalight ( exc i ta t ion 1 ight ) having a peak wavelength 



of 302nm which was derived by adjusting the light - irradiating 
me ans. was irradiated onto each sample under the same conditions 
as those of the above experiment, it was possible to visually 
recognize, though slightly, a difference in light emission 
between the flesh portion and the shell portion. When the light 
from each sample was allowed to pass through a filter which was 
capable of absorbing a light having a peak wavelength of about 
30 2 nm (i.e. excitation light,, it was possible to aistinguish 
the flesh portion from the shell portion. Further, when an image 
of sample taken by means of a black-and-white CCD camera was 
aisplayea. a f ter binar i za t ion thereof b y means of image proces sor . 
onaaisplay. i t was pos s ibl e a s sbown in FIG. 3(b) to recognize 
to some aegree only the shell portion. Moreover, when an image 
of the sample taken by means of a color CCD camera was 
i.age-processed by aesignating the upper ana lower limit of each 
of the RGB components of the fluorescent light emitted from the 
shell, it was possible to clearly aistinguish the flesh portion 

from the shell portion. 

in these experiments, a black-and-white CCD camera of 6120O 
pixels (255 x 240) whose photographing range was adjusted to 
10 cm x 9.4cm, and a color CCD camera of 240000 pixels (500 x 
480) whose photographing range was adjusted to 10cm x 9 .6cm were 
employed. FIG . 4a is a graph illustrating the relationship 
between the illuminance of the light source obtained and the 
number of pixels detected as an image taken by a black-and-white 
CCD camera was binarized; and FIG. 4b is a graph illustrating 
the relationship between the illuminance obtained as an image 
taken by a color CCD camera was processed by designating the 
color of fluorescent light emitted from the shell and the number 
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of pixels detected. It was estimated that since the difference 
in resolution between the black-and-white CCD camera and the 
oolor CCD camera was about 1:2. a difference in the number of 
pixels that could be recognized between these cameras would be 
about 1:4. However, as seen from the comparison between these 
graphs, a difference in the number of pixels that could be 
recognized between these cameras was actually about 10:1100 (a 
comparison at a light volume of 1000 „w/cm2>, thus confirming 
the fact that the distinguishable between the shell and the 
flesh portion can be particularly improved by making use of a 
color image. 

Then, another experiment was performed under the same 
conditions as the above experiment except that light having a 
peak wavelength of 254nm was substituted for the light employed 
in the above experiment, thereby making it possible to detect 
a stronger fluorescent light from the shell portion. Further, 
as shown in FIG. 3c. the number of pixels that could be recognized 
by means of the black-and-white CCD camera was particularly 
increased as compared with that which could be recognized when 
light having a peak wavelength of 302nm was employed. Results 
which were similar to the above could be obtained when an image 
taken by means of the color CCD camera was utilized. 

Furthermore, an experiment was further performed under the 
same conditions as the above experiment except that light having 
a peak wavelength of 352nm was substituted for the light employed 
in the above experiment, thereby obtaining almost the same 
detection intensity of fluorescent light as that. obtained when 
a light having a peak wavelength of 254nm was employed. As shown 
in FIG . 3d however, since the difference in the number of pixels 



between the flesh portion and the shell portion became smaller 
when the image taken by the black-and-white CCD camera was 
processed f or binarization thereof, itwas impossible to identify 
only the shell portion. This may be attributed to the fact that 
since identification of the shell portion was based solely on 
the brightness thereof, the color difference thereof could not 
be identified. By contrast, in the case of the image taken by 
means of the color CCD camera, it was possible to clearly 
distinguish the flesh portion from the shell portion. 

It was found from the results of these experiments that in 
the case of shrimp, the manner of emitting fluorescent light 
in response to the excitation light of specific wave-range (for 
example, 254nm. 3 0 2 nm or 3 5 2nm in peak wavel eng th) differs between 
the flesh portion and the shell portion, and that the fluorescent 
light to be emitted from the shell in response to the excitation 
light can be selectively distinguished from the fluorescent light 
(if any) to be emitted from the flesh portion by making use of 
a band pass filter or by suitably processing the information 
on the image that can be obtained from the CCD camera. As for 
the band pass filter, a filter which permits light having a 
wavelength of not more than about 400nm to pass therethrough 
or to be absorbed therein can be preferably employed. 

When experiments similar to the above experiments were 
performed on kuruma prawn, pink shrimp, Japanese glass shrimp, 
botan shrimp, giant tiger prawn and fleshy prawn, results almost 
identical to those obtained using the aforementioned greasyback 
shrimpwereobtained. In all of these experiments , the employment 
of a light having a peak wavelength of 254nm was found most 
preferable in obtaining better identification of the shell. 
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Therefore, as far as shrimp is concerned, an excitation light 
having a peaK wavelength of 254nm was assumed to be most suited 
fordetectingtheshell. Further, experiments which were similar 
to the aforementioned experiments on shrimps were performed using 
frozen snow crab and swimming crab after these frozen snow crab 
and swiping crab were allowed to defrost. When the experiments 
we re performed using the irradiation of white light, it was found 
difficult to distinguish theshell from the flesh portion thereof. 
However, when excitation light having a pea* wavelength of 254nm. 
302nm or 352nm was employed, it was found possible, in all of 
these wavelengths, to clearly distinguish the shell from the 
flesh portion thereof. However, when light having a pea* 
wavelength of more than 400nm was employed, it was found difficult 
to distinguish the shell from the flesh portion thereof. 
Therefore, as far as crab is concerned, the employment of a light 
having a peak wavelength of 400nm or less has been found most 
suited for detecting the residual shell. 

Next, the method and apparatus for judging if there is any 
residual shell that has been left unstripped from shrimp (or 
crab) after finishing the shell - stripping work thereof and for 
removing the residual shell if any. which have been devised based 
on the findings obtained from the aforementioned experiments 

will be explained. 

Referring to FIG . 1. a device 10 for detecting and removing 
unstripped residual shell is composed of a light source 1 as 
a light-irradiating means for irradiating a beam of light onto 
a shrimp 20. a first filter 2 for enabling only a light of specific 
wave-range among the light emitted from the light source 1 to 
selectively pass therethrough, a second filter 3 for enabling 
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only a light of specific wave-range among the light emitted from 
the shrimp 20 to selectively pass therethrough, a determining 
me ans 4 for detecting the light passed through the second filter 
3 and determining the intensity of the light, a normal closed 
valve 5 which is designed to open on the basis of signals from 
the determining means 4. an air nozzle 6 having an ejection port 
directed to the shrimp 20. an air tank 7, and a piping 8 for 
connecting the air nozzle 6 via the normal closed valve 5 with 

the air tank 7 . 

in this embodiment, the first filter 2 enables a light of 
ab out 254nm in peak wavelength to pass therethrough, while the 
second filter 3 enables a light of not more than 400nm in wavelength 
to pass therethrough. The determining means 4 is designed such 
that when the intensity of the light that has been passed through 
the second filter 3 exceeds a given value, it emits a signal 
to open the normal closed valve 5 . thereby allowing the compressed 
air inside the air tank 7. to eject from the air nozzle 6 so as 
to blow away the shrimp 20. 

According to this apparatus, the shrimp 20 is continuously 
fed to the irradiation region of light emitted from the light 
source 1. The light (excitation light) of about 254nm in 
wavelength that has been passed through the first filter 2 is 
then irradiated onto the shrimp 20 being introduced into the 
irradiation region. If there is no residual shell 21 left on 
the shrimp 20. the determining means 4 refrains from emitting 
a signal to open the normal closed valve 5. thereby allowing 
the shrimp 20 to be transferred as is along the ordinary transfer 
passageway. When the shrimp 20 having a residual shell 21 is 
introduced into the irradiation region, the fluorescent light 
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emitted from the shell 21 is allowed to pass through the second 
filter 3 so as to be detected by the determining means 4. When 
it is determined by the determining means 4 that the intensity 
of light thus detected exceeds a given value, a signal to open 
the normal closed valve 5 is emitted. As a result, decompressed 
air inside the air tank 7 is ejected from the air nozzle 6 against 
the shrimp 20 so as to blow the shrimp 20 out of the transferring 
passageway. 

Although the determining means 4 is employed in the 
aforementionedembodimentfordeterminingtheintensity of light. 

the light passed through the second filter 3 may be determined 
through the observation by an operator, thereby allowing the 
normal closed valve 5 to be operated by an operator. Further, 
the shrimp accompanying a residual shell may be manually removed 
by an operator. when a filter which is capable of absorbing a 
light having the same wavelength as that of the excitation light 
is employed as the second filter 3. it would become possible 
to prevent the scattering of the irradiating light. thus 
preventing the generation of a stray light which may enter into 
the determining means 4 or the operator. 

A black-and-white CCD camera or a color CCD camera may be 
substituted for the determining means 4 for determining the 
intensity of light. FIG. 2 shows one example of the apparatus 
for detecting and removing unstripped residual shell left on 
shellfish where a CCD camera 40 is employed. In this FIG. 2. 
the same components as those of FIG. 1 are represented by the 
same reference numerals as shown in FIG. 1. In this case, the 
light emitted from the shrimp 20 is taken up as an image signal 

/n a nri the image signal is then suitably 
by the CCD camera 40, and tne image o * 
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processed by an image processor 41. The image thus processed 
is then displayed on a display screen 42 and at the same time, 
the normal closed valve 5 is opened in response to the signal 
from the image processor 41. 

As explained above, in the case of the black-and-white CCD 
camera, a threshold value is set in such a manner that as large 
area of the shell portion as possible can be displayed in white 
within a range of value where the flesh portion can be displayed 
inblack. The image signal is then proce s sed for the binari zation 
thereof, and when it is found that the image region (the number 
of pixels) exceeds a given value, a signal to open the normal 
closed valve 5 is emitted from the image processor 41. In the 
case of a color CCD camera, the image processing is performed 
by designating the color of fluorescent light to be emitted from 
the shell, and when it is found that the corresponding image 
region (the number of pixels) exceeds a given value, a signal 
to open the normal closed valve 5 is similarly emitted from the 
image processor 41. In this case also, the normal closed valve 
5 may be manually operated by an operator while observing the 
image displayed on the display screen 42. and the shrimp having 
residual shell may be manually removed by the operator. 

as explained above, according to the method and apparatus 
for detecting and removing unstripped residual shell left on 
shellfish as proposed by the present invention, an excitation 
light of specific wave-range which enables a fluorescent light 
to be emitted not from the flesh portion thereof but from the 
shell portion thereof is irradiated onto stripped shellfish to 
see if there can be observed the fluorescent light of specific 
wave-range for the purpose of distinguishing between the flesh 
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portion and shell portion of shellfish; this distinction being 
generally considered to be very difficult if it is tried through 
visual observation. Therefore, when there is any unstripped 
residual shell in the flesh portion of shellfish after the 
shell-stripping work thereof, the residual shell can be easily 
and reliably identified and removed from the line, thus making 
it possible to automatize and speed up the process. 
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